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PERMANENTLY INSTALLED IN-WELL DRY
MATE CONNECTORS WITH SHAPE
MEMORY ALLOY TECHNOLOGY

CROSS-REFERENCE TO RELATED
APPLICATIONS

Any and all applications for which a foreign or domestic
priority claim 1s identified in the Application Data Sheet as
filed with the present application are hereby incorporated by
reference under 37 CFR 1.57. The present application claims
priority benefit of U.S. Provisional Application No. 62/751,
263, filed Oct. 26, 2018, the entirety of which 1s incorporated
by reference herein and should be considered part of this
specification.

BACKGROUND
Description of the Related Art

In many well applications, electrical connectors are used
to connect various components which are utilized 1n a
downhole environment. For example, connections may be
made between sections of electrical cable, between an
clectrical cable and a downhole component, e.g. sensor, or
between other downhole components. In some downhole
applications, dry mate connectors may be permanently
installed to form, for example, a cable splice between
sections of cable or between a device and a corresponding
cable. However, difliculties can arise in forming a connec-
tion/splice which 1s able to remain sealed with respect to the
surrounding environment while also withstanding tensile
loading, e.g. tensile loading occurring during tensile load
testing.

SUMMARY

In general, a system and methodology are provided for
forming secure connections for use in downhole environ-
ments. According to an embodiment, a connector may be
constructed as a dry mate connector that provides both a
sealed connection and a connection able to withstand a
predetermined tensile loading. The connector comprises
connector ends combined with an outer connector housing.
Additionally, the connector can comprise a shape memory
alloy sealing system, which may be activated to form a
secure seal with a corresponding cable or other component
teature. The connector can also comprise a shape memory
alloy retainer system, which may be activated to securely
or1p the corresponding cable or other component feature so
as to withstand substantial tensile loading acting on the
corresponding cable or other component feature.

However, many modifications are possible without mate-
rially departing from the teachings of this disclosure.
Accordingly, such modifications are intended to be included
within the scope of this disclosure as defined 1n the claims.

BRIEF DESCRIPTION OF THE FIGURES

Certain embodiments of the disclosure will hereafter be
described with reference to the accompanying drawings,
wherein like reference numerals denote like elements. It
should be understood, however, that the accompanying
figures 1llustrate the various 1mplementations described
herein and are not meant to limit the scope of various
technologies described herein, and:
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FIG. 1 1s an 1illustration of an example of a connector
connecting two components, €.g., two sections of permanent
downhole cable, via a shape memory alloy sealing system
and a shape memory alloy retainer system, according to an
embodiment of the disclosure;

FIG. 2 1s a cross-sectional 1llustration of a portion of the
connector illustrated 1n FIG. 1, according to an embodiment
of the disclosure;

FIG. 3 1s a cross-sectional illustration of another embodi-
ment ol a connector for connecting components utilized in
a downhole environment, according to an embodiment of
the disclosure:; and

FIG. 4 1s an 1illustration showing an example of a con-
nector 1nstallation procedure which may be used in the field
or at another suitable location, according to an embodiment
of the disclosure.

DETAILED DESCRIPTION

In the following description, numerous details are set
forth to provide an understanding of some embodiments of
the present disclosure. However, 1t will be understood by
those of ordinary skill in the art that the system and/or
methodology may be practiced without these details and that
numerous variations or modifications from the described
embodiments may be possible.

The disclosure herein generally immvolves a system and
methodology for forming secure connections for use in
downhole environments. According to some embodiments, a
connector may be constructed as a dry mate connector that
provides both a sealed connection and a connection able to
withstand a predetermined tensile loading. The dry mate
connector may be in the form of an electrical dry mate
connector that forms a sealed, electrical connection along a
permanent downhole cable. The permanent downhole cable
may be employed along, for example, a well completion
system.

According to an embodiment, the connector comprises
connector ends combined with an outer connector housing.
Additionally, the connector comprises a shape memory alloy
sealing system which may be positioned within the outer
housing. The shape memory alloy sealing system 1s acti-
vated to form a secure seal with a corresponding cable or
other component feature. The connector also comprises a
separate shape memory alloy retainer system which may be
activated to securely grip the corresponding cable or other
component feature. The secure gripping enables the connec-
tor to withstand substantial tensile loading acting on the
corresponding cable or other component feature.

Activation of the shape memory materials forming the
sealing system and the retainer system may be achieved via
a suitable change 1n temperature, e.g. suflicient heating, or
via other suitable activation techniques. The particular acti-
vation technique selected depends on the type of shape
memory material employed. In a variety of applications, the
shape memory material may be in the form of a shape
memory metal alloy, e.g. a nickel-titanium alloy which 1s
heat activated.

According to one embodiment, the shape memory alloy
sealing system may comprise seal teeth formed of the shape
memory alloy. The seal teeth engage and seal against the
outside of the corresponding cable (or other component
feature) upon activation of the shape memory alloy so as to
form a seal which prevents fluid from running along the
outside of the cable. In some applications, the cable may be
coupled with a sensor system, e.g. a gauge, via the connec-
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tor. Activation of the shape memory alloy sealing system
prevents tluid from running along the outside of the cable
and getting into the gauge.

Additionally, the shape memory alloy retainer system
may be formed 1n the shape of a ring or a plurality of rings
which clamp down on the corresponding cable (or other
component feature) upon activation of the shape memory
alloy. The structure of the connector and the utilization of
shape memory material for both sealing and retention
enables construction of a relatively inexpensive connector
which can be installed 1n a reduced amount of time.

In some embodiments, at least portions of the connector
may be preassembled so as to facilitate easier installation in
the field with a reduced chance for making mistakes during
the installation process. Consequently, the connector can
provide reliability gains relative to conventional connectors
used 1n downhole environments and applications.

Referring generally to FIG. 1, an example of a connector
20 1s 1llustrated as deployed 1n a downhole environment 22,
¢.g. a wellbore environment. In this example, the connector
20 1s a dry mate type connector having a dry, e.g., air-filled,
interior 24 for containing a coupling 26, e.g., a cable splice
of two sections of a cable 28. According to the illustrated
embodiment, the connector 20 comprises an external hous-
ing 30 coupled with a pair of coupler ends 32 so as to enclose
the interior 24 and the coupling 26. The coupler ends 32 may
be secured to the external housing 30 via weldments 34 or
other suitable coupling techmiques, e.g., threaded engage-
ment combined with seals.

The sections of cable 28 extend through the coupler ends
32 and 1nto the interior 24 once the connector 20 1s properly
placed around the coupling 26. In the particular example
illustrated, the connector 20 i1s used to provide a sealed
connection of two permanent electrical cable sections of
cable 28. Cable 28 may be a permanent downhole cable for
use 1 downhole applications, e.g. a downhole wellbore
application. In such applications, the connector 20 may
serve as a permanently installed in-well dry mate connector.
It should be noted the sections of cable 28 may comprise a
variety of cables having different types and numbers of
conductors located therein. By way of example, the sections
of cable 28 may comprise mono-cables, twisted pair type
cables, or cables having additional conductors, e.g., 4-wire
cables, spliced together at coupling 26.

For some applications, qualifying the connector 20 and
corresponding connected sections of cable 28 involves ten-
sile testing. As explained in greater detail below, however,
the shape memory alloy retainer system 1s readily able to
handle the tensile loading associated with testing. The
retainer system may be constructed to protect against slip-
page ol the sections of cable 28 relative to connector 20
when the cable 28 and connector 20 are exposed to a variety
of relatively large tensile forces.

Referring generally to FIG. 2, the left side of connector 20
1s 1llustrated 1n cross-section to facilitate explanation of the
use of shape memory alloy matenals. In this example, the
left coupler end 32 1s illustrated as having a passage 36
extending therethrough and sized to receive the correspond-
ing section of electrical cable 28. The corresponding section
of electrical cable 28 extends through the passage 36 and
into 1nterior 24 for coupling with the adjacent section of
clectrical cable 28 via coupling 26.

In this example, the external housing 30 comprises an
outer housing section 38 combined with an 1nner housing or
subsection 40 disposed along the interior of outer housing
section 38. The connector 20 also comprises a sealing
system 42 formed of a shape memory material, e.g., a shape
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memory alloy, disposed between the corresponding section
of electrical cable 28 and the external housing 30. Addition-
ally, the connector 20 comprises a retainer system 44 formed
of a shape memory material, e.g., a shape memory alloy,
disposed between the corresponding section of electrical
cable 28 and the external housing 30. The shape memory
alloy may be a metal alloy, such as available shape memory
metal alloys formed of nickel and titanmium.

By way of example, the sealing system 42 may be 1n the
form of a ring clamp 46 having internal sealing teeth 48. The
ring clamp 46 and the internal sealing teeth 48 may be
formed of the shape memory alloy material. However, 1n
some embodiments, the ring clamp 46 may be constructed of
the shape memory alloy material and the sealing teeth 48
may be constructed of a diflerent type of material.

The ring clamp 46 1s disposed around the corresponding,
section of electrical cable 28 such that the sealing teeth 48
are oriented towards the electrical cable 28. In this embodi-
ment, the ring clamp 46 1s captured between electrical cable
28 and outer housing section 38 and 1s bounded axially by
the corresponding coupler end 32 and inner housing 40, as
illustrated. In some embodiments, a plurality of the ring
clamps 46 may be used. The ring clamp(s) 46 are generally
positioned proximate each coupler end 32 to form a seal on
cach side of coupling 26.

Regardless of the number of ring clamps 46, activation of
the shape memory alloy sealing system, e.g., suflicient
heating of the shape memory alloy material, causes the ring
clamp(s) 46 to transition to an original configuration. For
example, the ring clamp(s) 46 may expand to force the
sealing teeth 48 1n a radially inward direction. This transition
forces the sealing teeth 48 radially inward until they are
moved imto sealing engagement with the exterior of the
clectrical cable 28.

In the embodiment illustrated, the retainer system 44 may
be formed of a retainer ring or a plurality of retainer rings 30
which are positioned between housing 30 and electrical
cable 28. By way of example, the retainer ring(s) 30 may be
positioned between a wall of mner housing 40 and the
clectrical cable 28. The retainer ring(s) 30 may similarly be
formed of a suitable shape memory material, e.g., a shape
memory alloy material, which can be activated via applica-
tion of suflicient heat or via other suitable method of
activation. Retainer rings 50 are generally positioned proxi-
mate each coupler end 32 to form a gripping engagement
with the corresponding section of electrical cable 28 on each
side of coupling 26.

Each retainer ring 50 also may comprise mternal and/or
external gripping surfaces 352, e.g., surfaces with teeth,
knurling, or other features to facilitate gripping of both
housing 30 and the corresponding section of electrical cable
28 upon activation of the shape memory alloy material. In
some embodiments, the external gripping surfaces 52 may
be formed via intermediate mechanical rings or devices
located between the shape memory alloy rings 50 and the
clectrical cable 28. The gripping surfaces 52 help increase
the tensile load which can be applied to the coupled elec-
trical cable 28 belore slippage occurs. It should be noted the
ring or rings 50 also may be positioned at other appropnate
locations to help reduce the potential for slippage.

With respect to the rings 50, activation of their shape
memory material, e.g. application of suthicient heating to the
shape memory alloy material, causes the retainer rings 50 to
transition to an original configuration. For example, the
retainer rings 50 may expand to force the gripping surfaces
52 1n radial directions against the interior surface of 1nner
housing 40 and against the exterior of electrical cable 28.
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This transition securely grips the electrical cable 28 with
respect to coupler housing 30 to prevent the undesired
slippage when the connector 20/cable 28 i1s exposed to
tensile loading.

Referring generally to FIG. 3, another embodiment of >

connector 20 1s 1llustrated. In this embodiment, many of the
components are the same or similar and have been labeled
with common reference numerals. In this particular appli-
cation, however, a section of the electrical cable 28 1s
coupled, via connector 20, with another type of device 54.

According to the illustrated embodiment, the device 54 1s
in the form of a gauge 56 which 1s electrically coupled with
clectrical cable 28 at coupling 26 via a gauge electrical
connector 58. However, device 54 may comprise other types
ol devices which may be coupled to electrical cable 28 via
connector 20. In many of these applications, the connector
20 may be used to form a permanent, sealed connection,
with substantial resistance to tensile loading.

Referring generally to FIG. 4, an illustration 1s provided
of a field installation method for utilizing connector 20 1n
joimng sections of electrical cable 28. In this example,
clectrical cable 28 may be 1n the form of permanent down-
hole cable (PDC). As 1llustrated, the connector 20 may be
combined with a pressure test line 60 linked with the
connector 20 via pressure couplers 62. Additionally, heating
collars 64 may be positioned about external housing 30 of
connector 20 proximate coupler ends 32 to facilitate appli-
cation of heat 1n a manner which activates the shape memory
alloy material of the sealing system 42 and the retainer
system 44.

Initially, the sections of electrical cable 28 are mounted in
an 1nstallation j1g 66. The connector 20 is then slid onto one
section of the electrical cable 28 and the conductors, e.g.
wires 25, of the two sections of electrical cable 28 are placed
in proximity to each other (see configuration 1). The wires/
conductors are then joined to form coupling 26 via, for
example, a crimp and boot installation or splice (see con-
figuration 2).

At this stage, the connector 20 may be slid over the
coupling 26 and heat may be applied to the connector 20 via
a heating tool or by heating the surrounding environment
(see configuration 3). The heating activates the sealing
system 42 and the retainer system 44 to both seal the
connector 20 and retain the sections of electrical cable 28 1n
a jomned configuration by resisting tensile loading. For
example, the application of heat may be used to cause the
ring clamps 46 and the retamner rings 50 to transition to
original, radially expanded configurations which securely
seal and grip the sections of electrical cable 28. At this stage,
the connector 20 may be cooled via compressed air or other
suitable cooling technique and pressure tested via pressure
test line 60 to ensure the splice 1s completed and ready for
use in a downhole environment (see configuration 4).

Depending on the environment and parameters of a given
operation, the connector 20 may be constructed 1n various
configurations and sizes. The sealing system and retainer
system may be constructed from individual rings, a plurality
of rings, or from other suitable structures able to achieve the
desired sealing and gripping functionality on both sides of
coupling 26. The shape memory material may be con-
structed from various metal alloys which are able to transi-
tion to another desired shape upon activation. Depending on
the type of shape memory matenal, the activation technique
may 1nvolve application of different levels of heat for
appropriate time periods. Other types of materials may be
activated via other suitable techniques.
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Although a few embodiments of the disclosure have been
described 1n detail above, those of ordinary skill 1n the art
will readily appreciate that many modifications are possible
without materially departing from the teachings of this
disclosure. Accordingly, such modifications are intended to
be included within the scope of this disclosure as defined in
the claims.

What 1s claimed 1s:

1. A system for use 1 a well, the system comprising:

a pair of electrical cable sections joined via a coupling to

form an electrical cable; and

a connector, the connector comprising:

an external housing joined directly to a pair of coupler
ends, each coupler end being combined with a seal-
ing system and a separate retainer system, wherein
the external housing joined to the pair of coupler
ends combined with the sealing system and the
separate retainer system 1s configured to slide over
the coupling;
the sealing system, wherein the sealing system 1s:
formed at least in part of a shape memory alloy
material selectively activatable to seal against the
pair of electrical cable sections,
bound radially between the external housing and the
clectrical cable sections, the sealing system being
adjacent to the external housing and the electrical
cable sections, and
bound axially between the coupler end and an inner
housing of the connector, the sealing system being
adjacent to the coupler end and the inner housing;
the separate retainer system, wherein the separate
retainer system 1s formed at least 1n part of the shape
memory alloy material selectively activatable to grip
the pair of electrical cable sections; and
the mner housing, wherein the inner housing substan-
tially encloses the separate retainer system.

2. The system as recited in claim 1, wherein the shape
memory alloy material 1s a metal alloy material activatable
via application of heat.

3. The system as recited 1n claim 1, wherein the sealing
system comprises a ring clamp having internal sealing teeth
oriented towards one of the electrical cable sections, and
wherein when the sealing system 1s activated the ring clamp
expands and forces the internal sealing teeth radially inward
to seal against the pair of electrical cable sections.

4. The system as recited 1n claim 3, wherein the separate
retainer system comprises a plurality of retainer rings,
wherein the separate retainer system 1s bound radially
between the mner housing and the electrical cable sections,
and wherein the separate retainer system 1s further bound
axially between the sealing system and the inner housing,
the separate retamner system being adjacent to the inner
housing, the sealing system, and the electrical cable sec-
tions.

5. The system as recited 1n claim 4, wherein each retainer
ring, of the plurality of retainer rings, comprises internal and
external gripping surfaces.

6. The system as recited 1n claim 1, wherein the separate
retainer system comprises a plurality of retainer rings.

7. The system as recited 1n claim 1, wherein the connector
1s a dry mate type connector.

8. The system as recited 1n claim 1, wherein the coupler
ends are secured to the external housing via weldments.

9. A method for coupling components employed 1n a
downhole environment, comprising:

providing a connector with a sealing system and a retainer

system each formed of a shape memory alloy material;
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mounting sections of an electrical cable 1n an installation

jg;

positioning the connector onto one section of the electri-

cal cable and joining conductor wires of the sections of
the electrical cable to form a coupling;

sliding the connector, with the sealing system and the

retainer system, over the coupling; and

applying heat to the connector to activate the shape

memory alloy material of the sealing system and of the
retainer system to form a sealed connection with each
section of the electrical cable able to withstand a
predetermined tensile loading.

10. The method as recited 1n claim 9, further comprising
forming the sealing system in the form of a ring clamp.

11. The method as recited 1n claam 10, wherein forming
the sealing system comprises locating sealing teeth along an
interior surface of the ring clamp.

12. The method as recited 1n claim 10, further comprising
forming the retainer system with a retainer ring having
internal and external gripping surfaces.

13. The method as recited 1n claim 10, further comprising
forming the retainer system with a plurality of retainer rings,
cach retainer ring having internal and external gripping
surfaces.

14. The method as recited 1n claim 13, further comprising
deploying the electrical cable and the connector downhole
into a wellbore.

15. The method as recited 1n claim 13, wherein applying

heat comprises applying heat to heating collars positioned
adjacent the shape memory alloy material.
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16. The method as recited 1n claim 13, further comprising

performing a pressure test of the connector via a pressure
test line.

17. A system for use 1n a borehole, comprising;

a connector for connecting a section of electrical cable
with an electrical component, the connector compris-
ng:

an external housing joined directly to a pair of coupler
ends, each coupler end working 1n cooperation with:
a sealing system having a ring clamp formed of shape

memory alloy material, the shape memory alloy
material being selectively activatable to form a

sealed connection between the electrical cable and
clectrical component, wherein the sealing system 1s
bound axially between the coupler end and an inner
housing of the connector, the sealing system being
adjacent to the coupler end and the mner housing;
a separate retainer system having a retainer ring formed
of shape memory alloy material, the shape memory
alloy material being selectively activatable to protect
the sealed connection against detrimental effects of
axial loading, wherein the external housing i1s con-
figured to slide over a coupling of electrical cable
sections; and
the inner housing, wherein the inner housing substantially
encloses the separate retainer system.
18. The system as recited in claim 17, wherein the
clectrical component comprises another section of electrical
cable.

19. The system as recited in claim 17, wherein the
clectrical component comprises a downhole gauge.

% o *H % x
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